There are strong signs that resourcerich low and middle income countries everywhere will continue to try and turn away from their natural advantages and encourage investment in unrelated manufacturing sectors. In the summer of 2010 the then Russia's president Dmitri Medvedev settled a strategic partnership in the area of high technologies such as space technologies, nuclear and nanotechnology. Russia has expressed its will to move from the traditional industrial activities based on NRs towards 'highly advanced technology and cutting edge innovation activities'. To meet this goal, president Medvedev focused on project Skolkovo Institute, a large technological project, meant to be Russia's Silicon Valley.
2 President Vladimir Puttin is supportive to the initiative by arguing that Russia must diversify away from its dependence on NRs and move towards 'high-tech' industries. Such a black-and-white policy choice reflects the long held conventional wisdom on the relationship between NRs and development. This involves a simple dichotomy where NRs are seen as non-conductive to industrial and economic growth and 'hightech' industries the only way to it.
However, both historical evidence and recent understanding have questioned this simplistic dichotomy.
History abounds with negative experiences of countries trying to use hightech industries to encourage processes of sustained growth and development without much success (e.g. Guatemala, Honduras, El Salvador) and with positive experiences of countries that have been able to use their NRs as an engine for growth and development (e.g. USA, Canada, Australia, Norway, Sweden, and Finland). In short, the bottom line is: there seems to be no inevitability on the way that the exploitation of NRs (or other productive activity) affects growth, either negatively or positively. What seems to differ in triggering a vicious or virtuous circle are the internal policy responses to deal with the risks and potentialities of NRs.
The reliance on NRs can foster economic development when underpinned by efforts to increase technological innovation and the concomitant accumulation of capabilities to innovate around these resources. 3 The exploitation of NR wealth becomes a viable path for development when complemented with investments in skills, learning, knowledge, education, and innovation capabilities. Indeed, when combined with innovation efforts and technological dynamism, NRs activities can provide the scope for:
• Productivity growth comparable to manufacturing;
• Increased competitiveness vis-à-vis producing countries with much lower wages;
• Increases in the endowments of NR themselves. For instance, oil and mineral reserves increase with the application of advanced exploration and production techniques; and
• Diversification towards related higher value products and activities from a strong NR base.
This new understanding matters for policymakers in LACs because recent changes in world conditions provide resource-rich countries with a new 'window of opportunity' to use NR abundance to fuel growth and development. 4 In this policy brief we will show that, as Latin American economies are ever more dependent on NRs, recent changes in the demand for NRs, and in related knowledge bases, are creating increasing innovation opportunities for these industries which put into question conventional views on NRs as non-dynamic and inappropriate for development.
By drawing on insights from original research on three sectors (biofuels, forestry, pulp and paper, and seeds) in Argentina, Brazil and Chile during the period 1980-2010, we will demonstrate that the ability to exploit these new innovation opportunities has been, however, heterogeneous across these countries, industrial sectors and firms. We will offer a few proposals for a policy agenda for LACs to take advantage of new demand conditions and innovation opportunities in NRs sectors and improve their mixed records in exploiting the new opportunities.
Latin American countries: 'uncomfortably dependent' on NRs?
LACs have historically been and still are heavily dependent on NRs. By the mid-20th century more than 90% of the exports of the region were related to NRs. Governments in Latin America spent part of the last century trying to reduce this dependency through the application of what were known as import substitution industrialization (ISI) policies (state-induced industrialization through subsidization of vital industries, highly protectionist trade policies, subsidized credit and the creation of an internal market). These policies managed to create a manufacturing sector in the region, with different degrees of success across countries. However, as a whole they did not succeed in reducing substantially the dependency of the region on NRs.
By the 1970s, the share of exports which were NRs or very related to NRs was still 80% and in the 2000s this share is still 70% (see Table 1 ). A further illustration of how 'uncomfortably dependent' Latin American countries may be on NRs 5 is provided by their share of tax revenues from NRs in the total tax incomes (see Figure 3) . Venezuela, Ecuador, Mexico and Bolivia are the most reliant on NRs tax revenues, with a share between 30% for Bolivia and 50% for Venezuela. Then, we have Chile with 20%, and Argentina and Colombia with around 10%. The average for the region is 30%.
What is more striking is the evolution of the share of tax revenue coming from NRs between 1998 and 2008. During this period all countries, except Mexico, increased their dependency on NRs. In Venezuela the share went from around 30% to almost 50%, while in Chile it increased from being negligible to around 20%. • Natural resources activities were believed to face several types of demand and supply constraints, all of which would explain a continuous downward trend in the relative price of primary commodities in relation manufactures. 6 The demand for NRs would rise less than proportionately to increases in income. Thus, countries heavily specialised in NRs would not benefit from increases in world demand associated with world income growth. Additionally, their demand growth was slower than that for manufactures, because technological progress in the manufacturing sector tends to be raw materials saving.
Regarding supply, NRs were not favoured by technological progress and its associated dynamism. Besides, the little technological progress occurring did not translate into larger demand or greater profits but in reduced prices, benefiting consumers in foreign countries and not producers in developing countries.
• There was the high instability of export prices of commodities.
Countries that relied heavily on commodity exports would therefore be very vulnerable to constant fluctuations which would affect their economy not only via abrupt changes in tax revenues but also via changes in the exchange rate and local investments.
• A third set of problems was the particular way in which NRs activities were organised in developing countries. In these countries, NR activities were typically dominated by multinational corporations, which, as it used to be argued, repatriated the benefits and did not invest locally. This also meant that the local development of backward and forward linkages was very limited, closing off the main way in which the emergence of any activity could contribute to development. 7 Since the 1990s those concerns have been reinvigorated by the observation that there seems to be a negative association between resource abundance or specialisation and growth. 8 This is explained in part by the so called Dutch Disease.
The so-called Dutch Disease involves the appreciation of the real exchange rate caused by the rise in commodity exports, leading to a contraction of the tradable sector and the tendency of a booming resource sector to draw capital and labour away from a country's manufacturing sector, thus raising production costs.
Based on these ideas, policy approaches in Latin America have consistently aimed to change the productive structure of the economies away from NRs. Resource-based activities have been heavily taxed or have been left unattended. Most of the policy efforts have been oriented to support industries that supposedly have a higher potential to contribute to development. Early on, favoured industries were any within the manufacturing sector, whereas nowadays the support is geared towards specific types of manufacturing industries identified as 'high-tech' by the Organisation for Economic Co-operation and Development (OECD).
New evidence, new opportunities: questioning the negative views
Some of the conventional negative assumptions about NRs, however, have been challenged. For instance, the Dutch Disease may be less common in developing countries, where resources are normally unemployed and therefore the costs of alternatives to forgo are lower. A measurement problem seems to explain the negative association between NR abundance and growth found in empirical studies. By simply replacing the absolute measure of resource abundance used (NR exports as a share of GDP) by a relative measure (net exports of NRintensive commodities per worker), the negative association is not observed and this association can turn positive if measures of human capital are considered. 9 Indeed, many of the observed negative effects of NR that may have been valid in the past have ceased to be relevant over the last decades. This is because technological change and altered demand substantially transform the context and the conditions under which industries operate. Thus, unquestionable facts just a few decades ago may have changed significantly over time, 10 as follows:
• The rise of Asia and the incorporation to the market system of the socalled 'Second World' have accelerated the rhythm of growth in demand for energy, food and raw materials to the point of straining the limits of resources. This has led to the expectation of rising prices and widening the opportunities for higher investments in innovation in the production of NRs.
• Changes in consumer tastes, market requirements, as well as environmental and social concerns have opened opportunities for the development of a wide array of products and services based on the exploitation of NRs, including more sustainable patterns, which were virtually non-existent before. Consequently, products derived from NRs are no longer necessarily only 'commodities'. Some examples of this process of 'decommoditisation' and search for more sustainable paths include organic food, fair trade wine or coffee, sustainably certified forestry and marine products, seeds enhanced with nutrients, and planted forestry.
• Advances in scientific disciplines connected to NRs have widened the opportunity space for incorporating new knowledge in production. As a result, producers are massively incorporating new technologies, such as information and communication technologies (ICTs), biotechnology, nanotechnology and new materials in the extraction and transformation of NRs. These innovations are broadening the knowledge base of the industry. Therefore, NRs activities can now hardly be considered simply 'low-tech'.
• An excellent example is that of the seed industry, which has become highly knowledge intensive during the past twenty years or so.
• Global corporations of NRs are increasingly using decentralised forms of production and innovation. They commonly weave networks of innovation upstream and downstream as well as laterally from the NR base, including local producers, universities, etc. Thus, the model of exploitation of NRs based on 'foreign enclaves', i.e. foreign-owned companies with limited local engagement, is becoming less and less viable. The mining industry provides an example of this transformation. This industry has shifted from being highly integrated to de-integrated, with key knowledge services being now outsourced and leading to the emergence of a new sector of specialised knowledge-intensive mining services providers (SKIMS), often involving local companies.
In line with these new trends, very up-todate evidence from LACs indicates that NR-based and -related industries carry new opportunities for innovation and dynamism that did not exist in the past 11 :
• In Argentina, Brazil and Chile, an industry's association to NRs either as a consumer industry (e.g., pulp and paper and mineral industries) or as a supplier industry (e.g., agricultural machinery) has a positive impact on technological opportunities.
• Strikingly, in Brazil and Chile, NRs consumer industries have higher technological opportunities than any other kind of industry;
• In Argentina, both consumer and supplier industries of NRs display higher innovation opportunities.
• So much so, that the popular OECD classification of industries as high-, medium-or low-tech -which is very often taken as an indication of innovation opportunities -does not reflect the realities observed in LACs.
• In this region, several of the low-and medium-tech industries in the OECD's classification, such as pulp and paper, food, metals and non-metallic minerals are high-tech -or have high innovation opportunities.
• Similarly, in the other way round, several of the industries typically classified as high-or medium high-tech by the OECD (e.g., TV and communication equipment, electronic equipment and components) are low-tech in LACs.
But to what extent are LACs exploiting these new innovation opportunities in NRs industries?
The extent to which firms in NRs sectors, such as seeds, forestry, pulp and paper, and biofuels in Argentina, Brazil and Chile are exploiting these new innovation opportunities varies considerably not only across country and sectors, but also across firms within a particular country and sector (see Figure 4) .
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A number of firms in the forestry, pulp and paper sector in Brazil and Chile, in the seed sector in Argentina, Brazil and Chile, and in the biofuels sector in Brazil and Chile have become highly able to take advantage of new innovation opportunities by developing R&D-based advanced and world-leading innovation capabilities. In stark contrast, firms in the forestry, pulp and paper sector in Argentina and in the biofuel sector in Brazil and Argentina are missing the chance to exploit new innovation opportunities in NRs because they have been unable to move beyond a limited level of innovation capabilities (basic to intermediate) based on minor changes and adaptations of technologies. 
 Making the most of new innovation opportunities
Contradicting most expectations, some domestic firms in the seeds industry in Argentina, Brazil and Chile are building world-leading innovation capabilities and making the most of opening innovation opportunities. They have been undertaking R&D in genomics, in second wave genetically modified seeds, and opening new directions for innovation in the sector. Key firms have been undertaking substantial R&D efforts at the innovation frontier supported by sophisticated biotechnology techniques such as genetic engineering and molecular biology to generate new-to-the-world genetic material and agricultural processes. And they have managed to obtain concrete innovative outputs in association with these efforts.
World-leading innovation efforts are not all related to the use of transgenesis for the improvement of seeds. The more innovative firms, in effect, are responding to the new opportunities by directing their innovative efforts in more than one direction, besides transgenesis, including advanced methods of conventional breeding and non-transgenic genetic modification.
But even in sectors in which a number of firms have been highly able to exploit innovation opportunities, other firms still lag behind in lower levels of capabilities. These firms are missing the innovation opportunities around them.
For example, the Argentine firm Bioceres has several programmes in molecular breeding, and Nidera is committed to the use and development of mutagenesis as an alternative to transgensesis in several of its main programmes, and the Brazilian organisation Embrapa has engaged substantial resources to the support of research in non-genetically modified (GM) soybean seeds.
Some pulp and paper firms in Brazil and
Chile have also developed worldleading innovation capabilities. Indeed, Brazilian firms took the lead in seizing an opportunity to innovate in the pulp and paper industry along a new technological trajectory (see Box 1).
By the late 1990s, Chilean firms had caught up with the Brazilian ones. During the 2000s leading firms in Brazil and Chile engaged in R&D to develop new genetic materials and cutting-edge forestry production. Since then, they have implemented world-leading R&D in the genetic transformation of eucalyptus based on nationwide research networks (e.g., the Genolyptus Project in Brazil.)
Box 1. Taking opportunities in NRs to become a global innovator: the pulp and paper industry in Brazil
The experience of leading firms of Brazil's pulp and paper industry is an example of taking advantage of an opportunity to undertake world-leading innovation and achieve international leadership [(e.g., Suzano, Klabin, Fibria (former Aracruz and Votorantim)]. Until the mid-1960s, paper produced by the world's leading firms in the US, Canada and Nordic countries was made from long-fibre pulp derived from conifers. Those leading incumbents continued to develop that technological trajectory, but as early as the 1960s, several paper producers in Brazil shifted to production based on short-fibre pulp derived from eucalyptus -a source of pulp with great potential in Brazil and compatible with Brazil's environmental conditions. This innovation involved the original development of new eucalyptus varieties which were more productive and more resistant to disease. In parallel, it involved the development of modified process technology that was installed in a succession of new plants over three decades. Specifically, the firms took a different direction of technological development from those already pursued by the global industry leaders. By so doing, they opened up a qualitatively different segment at the international technological frontier. Similarly, not all domestic firms in the seeds industry are fully developing advanced or world-leading innovation capabilities. Some domestic firms in Argentina and Brazil do not perform R&D oriented to the identification of genes, despite selling mostly transgenic seeds. They typically develop varieties adapted to the local conditions, buying biotechnology events (or genes) from other firms (e.g., MNCs) and pasting them to their varieties through conventional breeding techniques.
 How do innovative firms build up capabilities to make good use of innovation opportunities in NRs in contrast with less innovative ones?
World-leading and advanced innovators engage in a larger number of learning mechanisms (or mechanisms for acquiring and creating knowledge to build innovation capabilities) in comparison with less innovative firms, as follows:
• They interact with a higher diversity of actors to acquire knowledge located outside their boundaries. For instance, in the seed sector in Argentina, Brazil and Chile, they tend to perform their main innovation tasks and learning efforts closely interacting with the four main sources of knowledge: (i) users: multipliers, farmers and/or trading firms; (ii) suppliers; (iii) universities and public research institutes; and (iv) other firms in the sector: owners of biotechnological events and varieties; and competitors. They also use more advanced forms of cooperation, such as joint R&D, which involve bi-directional flows of knowledge. They are also often engaged, via these interactions, in the creation of new knowledge as well as in the use of existing knowledge. In contrast, less innovative firms mostly interact with competitors and users, using less advanced forms of co-operation, such as licensing. They do not engage in interactions to create new knowledge.
• World-leading and advanced innovators carry out more intense efforts internally to absorb and assimilate the knowledge acquired from external sources and transform such knowledge into new technologies, new products and new processes. They engage in substantial efforts to increase the intensity of internal training, R&D experimentation, and efforts to share and codify the knowledge acquired externally and internally.
For instance, in the forestry, pulp and paper industry in Brazil and Chile, firms gave great emphasis to the organizational formalization of their R&D activities. Firms with less advanced innovation capability levels were passive in this respect using a narrower range of learning mechanisms.
A policy agenda to take advantage of new demand conditions and innovation opportunities in natural resources sectors
The changes in demand conditions and innovation opportunities in NR-based and related sectors, which were highlighted above, call for a new approach to policy to foster technological innovation in these sectors. In this respect, one way forward represents the abandonment of conventional policy approaches to NRs that have been proved to be ill-advised.
In this context, policymakers should avoid concentrating most of their efforts in trying to diversify away from NRs and towards unrelated high technology industries, not based on current comparative advantages. Furthermore, it is important to avoid neglecting the NRs sectors themselves, treating the question of "how to support the technological dynamism of NRs sectors" as a non-policy issue that never enters the policy agenda. Letting nature, almost literally, to take its course will certainly lead to missing again the opportunities offered by a NR-driven development path. Below, we comment on each of these four recommended actions.
 Initiatives to support the accumulation of innovation capabilities in NR-based andrelated sectors
These should include a varied set of incentives to stimulate innovative efforts and the accumulation of innovation capabilities in the complete innovation system associated to given NRs which dominate an economy. To lead to innovation, i.e. the operational introduction of new or improved products and processes, marketing and organisational methods in an economy, incentives should cover the broad range of innovative activities that compose the whole process of innovation, much more than just research, or even research and development (R&D). Therefore, policy initiatives should avoid privileging some elements of the innovation process, such as research, at the detriment of others, such as development, trial production, scaling up, design, tooling up and industrial engineering, without which innovation outcomes cannot be reached.
Mechanisms to support the accumulation of innovative capabilities and innovation need to consider all types of organisations in the relevant innovation system, namely firms, universities, research institutes, technology institutes, technical training centres etc, whose innovative efforts are necessary for innovation to occur.
But incentives to foster the accumulation of innovation capabilities of firms should receive the highest importance, since they are responsible for the ultimate transformation of knowledge into improved or new products.
Without firms' effective involvement in innovative efforts, it is hardly possible to innovate in the sense of introducing new commercial applications that contribute to the generation of wealth.
The initiatives geared towards the accumulation of innovation capabilities in firms may follow a two-pronged path. The first path is concerned with fostering the increase of innovative efforts of existing firms. To be effective, policy incentives should be tailored and appropriate to the current levels of capabilities of existing firms. Actions should be centred, on the one hand, in providing support for firms in solving technical problems they face at their present technological activities. On the other hand, they should also create incentives for firms to shift towards more complex technological efforts. The second path involves mechanisms to stimulate the creation of new innovating firms. This will demand programmes to support spinoffs and start-ups derived from emerging technologies and products, and entry of new learning-eager firms in established markets. This exercise should provide the foundation for devising policy mechanisms to support the development of productive activities which are linked to the NR base in three different ways, through: (i) forward linkages (processing and beneficiating industries, packaging, marketing and distribution); (ii) backward linkages (production of inputs, capital goods, and business services); and (iii) horizontal/lateral linkages (supply of inputs originally to NR sectors, subsequently spilling over to applications in other sectors).
Therefore, policy initiatives should focus on the complete innovation system connected to a given NR base. Centrally important are efforts to increase synergy and coordination between policy initiatives supporting technological activities related to a given NR base and the ones fostering pervasive technologies, such as biotechnology, nanotechnology, bioelectronics/bioinformatics, new materials and ICTs. This is relevant because the efforts in the latter should also address the demands of the former.
Finally, bearing in mind that the accumulation of innovation capabilities may be lengthy, efforts to support diversification towards high-value added activities may require a longterm horizon. This approach should envisage gradual changes from NR production to resource-intensive manufacturing, all the way to knowledge-intensive manufacturing and service provision.
 Initiatives to support the development of human capital
Actions to increase and improve the supply of skilled human resources and create a critical mass of highlyqualified and competent managers, engineers, technicians and civil servants are necessary to meet innovation goals in NR sectors.
It is important that the public education and training system provide human resources with appropriate skills and knowledge that meet the requirements of NR-related sectors, particularly in knowledge areas relevant to the current specialization profile of the economy.
This should be coupled by initiatives that stimulate firms' in-house training programs. Investment in higher education should give great emphasis to engineering and science disciplines in close alignment with the knowledge areas that are relevant for specific NR sectors, while post-graduate programs should contain a strong NR-oriented focus. A sector-oriented focus is also important for technical education programs.
 Initiatives to assist domestic firms in complying with IPR regulations and strengthen IPR protection of local efforts
It is important to consider carefully how important institutions such as IPR systems, regulations and public research are affecting and interacting with the innovation activities of local producers connected to NRs. In the seed sector, for instance, the costs to de-regulate a new technological event (genes) are ten times higher than the research activity leading to the introduction of the event.
It is so difficult and expensive to deregulate new events that there are numerous international companies dedicated to provide support to firms in deregulating new events in different markets.
Governments should provide this type of support for local producers that do not have the resources to obtain the services from international companies. In a similar vein, IPR systems have to be reviewed so that they provide protection to the innovations taking place domestically. In the seed industry, again, the more common innovations in the region take place by conventional breeding.
The new varieties obtained by classical breeding techniques cannot be patented. When local seed producers have to use a new gene, which can be patented, they have to pay a royalty. However, when an international company uses a local variety to implant genes, they own and sell it locally, they do not have to pay royalties to the local innovators of new varieties. These distortions have to be revised.
